The present study aimed to evaluate if substitution of chicken egg yolk (CEY) with duck egg yolk (DEY) in diluents could improve and/or affects buck semen quality preserved at 5°C for 120 hr. and to study if changing level of DEY either by increasing or decreasing could affects buck semen preserved at 5°C for 120 hr. Semen samples collected twice weekly from 9 healthy mature bucks were diluted with 6 different diluents containing tris, citric acid, glucose, egg yolk and antibiotic. Diluent 1 contained 2.5% CEY (control), while diluents 2, 3, 4, 5 and 6 contained 1, 2.5, 5, 7.5 and 10% DEY, respectively. After cooling to 5-6°C, semen samples from each diluent were examined and evaluated each 12 hr. for motility, viability, total abnormalities, acrosomal damage and plasma membrane integrity.
INTRODUCTION
Artificial insemination (A.I.) is the most widely used artificial reproductive technology in goats and the one that has made the most significant contribution to genetic improvement worldwide (Leboeuf et al., 2000). Liquid-stored spermatozoa can be an alternative to frozen-thawed spermatozoa for artificial insemination (AI) (Leboeuf et al., 2000), because freezing sperm is an expensive process while cooled semen has the advantage of being cheap, easy to handle and can be used for cervical insemination (Decuadro-Hansen, 2004). Therefore, AI with cooled semen could be used as an additional method to promote genetic progress in goats. Egg yolk is the most common constituent of diluents used for preservation of semen of many mammalian species including goat (Leboeuf et al., 2000, Purdy, 2006) in order to protect the sperm against cold shock. However, the dilution of goat semen into diluents containing egg yolk can be detrimental to the sperm cells. The harmful interactions between seminal plasma and egg yolk were first documented by (Roy, 1957). This being due to the fact that buck seminal plasma contains an enzyme secreted by the bulbourethral glands named egg yolk coagulating enzyme (EYCE), which catalyzes the hydrolysis of egg yolk lecithin into fatty acids and lysolecithin (lysophosphatidylcholines) the latter component is toxic for goat spermatozoa (Leboeuf et al., 2000). They also stated that the toxicity of EYCE differs with the quantity of the hydrolysates, which vary with pH, temperature, seminal plasma concentration, season of semen production and breed of fowl providing the egg yolk. Washing of goat semen to remove the seminal plasma before dilution and preservation was a solution when using extenders containing egg yolk. However, washing of the semen is generally time consuming, can affect the sperm viability and promotes sperm loss (Gacitua and Arav, 2005). In the search of making the process of cellular conservation more practical and less harmful to sperm, Bispo et al. (2011) found that the use of an extender with a low egg yolk concentration (~2.5%) has no detrimental effect on goat semen and provide good protection. Traditionally, chicken egg yolk (CEY) stated that pigeon egg yolk was better than CEY for cryopreservation of bull sperm. It is suggested that the differences in the protective effect with EY of different avian species are attributed to the differences in biochemical composition of the yolks in terms of their fatty acids, phospholipids and cholesterol contents. However there are no studies evaluate the protective effect of egg yolk of any of the avian species during preservation of buck sperm. Thus the aim of present study to evaluates replacing of CEY with DEY for improving protection of buck sperm during cooling and to study the effect of different diluents with different levels of DEY on buck sperm during liquid storage.
MATERIALS AND METHODS

Animals:
This Experiment was carried out at the farm of Theriogenology Department, Faculty of Veterinary Medicine, Alexandria University.
Nine healthy mature bucks of the native Egyptian breed (Zaraibi breed) were used in this study. Their ages ranged between 2.5 and 3.5 years. Their weights were (>35 kgs.). The bucks were kept under good clinical supervision in an open yard system separated from females. They were fed well-balanced. They were free from any congenital or acquired abnormalities and free from internal or external parasites.
Semen collection and handling:
Semen samples were collected twice weekly using Electro-ejaculator (Alfred Cox (Surgical) Ltd, Edward Road, Coulsdon, Surrey, CR3 2XA, UK). The procedure of electro-ejaculation (EE) was carried out using the protocol described by (Santiago-Moreno et al., 2009). Semen was collected in a prewarmed 15-ml plastic tube (Falcon™) connected to a pre-warmed small funnel. Immediately after collection, each ejaculate was transferred to a water bath maintained at 37 °C prior to evaluation.
Semen Evaluation:
A-Macroscopic evaluation:
1-Volume: Volume was determined using graduated collecting tubes to the nearest 0.1 ml.
2-Color:
Color was determined by visual observation. 3-Consistency: Graded from thick creamy to watery. Help in rapid prediction of sperm concentration.
B-Microscopic evaluation:
Sperm motility: The sperm motility was estimated subjectively by using phase contrast microscope (Olympus CKX 41; Olympus Optical Co., Tokyo, Japan) at magnification of 400×. A 5 μl drop of diluted semen (diluted with 2.9% Sodium citrate solution) was placed on glass slide pre-warmed at 37 °C and covered by a clean cover slide. At least 200 spermatozoa, selected randomly from a minimum of four microscopic fields, were examined. The mean of four successiveestimations was recorded as the final motility (Memon et al., 2011).
Sperm cell concentration:
It was assessed by using Neubauer hemacytometer (Brand, Wertheim, Germany) . The concentration of sperm per (ml) was calculated (Total number of sperms counted in the 5 large squares ×10 7 ) (Sorensen,1979 
Acrosomal integrity:
It was assessed using Giemsa stain according to method of (Watson, 1975a). The dried smears were studied under a light microscope at magnification of 1000× using oil immersion lens. The percentage of normal acrosomes was calculated for about 200 spermatozoa randomly selected from at least four microscopic fields. The acrosome was considered to be normal when the stain was clearly and evenly distributed over the spermatozoa anterior to equatorial segment.
Plasma membrane integrity:
It was evaluated using Hypo-Osmotic Swelling test (HOST). The hypoosmotic solution (150 mOsm/l) was prepared according to method of (Revell and Mrode, 1994). A volume of 10μl semen was gently mixed with 1ml of hypo-osmotic solution and incubated for 40-60 minutes in a water bath at 37 ºC. After incubation, a drop of the solution containing semen was placed on a microscope slide, covered with a cover slide and evaluated using a phase-contrast microscope (Olympus CKX 41; Olympus Optical Co., Tokyo, Japan) at 400x magnification. A total of 200 spermatozoa were counted in at least four different fields. The percentage of spermatozoa positive to HOST (having swelled (coiled) tail according to description used by (Revell and Mrode, 1994)) was determined.
Preparation of Extenders:
Six extenders were prepared containing tris, citric acid, glucose, egg yolk and antibiotic (Salamon and Ritar, 1982), as shown in Table 1 . Extender 1 contained 2.5% CEY and was used as a control, while the different levels, i.e. 1, 2.5, 5 and 10% of DEY were added into extenders 2, 3, 4, 5 and 6 respectively. 
---1 2.5 5 7.5 10 Gentamicin 5% 500 µl 500 µl 500 µl 500 µl 500 µl 500 µl Double distilled water (up to X ml) 100 100 100 100 100 100
Dilution and cooling:
Two times weekly, semen samples with volume (>0.5 ml), progressive motility (>85%), concentration (>2000×10 6 sperms/ml) and total abnormalities (<10%) were pooled and fractionated into 6 aliquots into prelabeled 15-ml plastic tube (Falcon™). Each aliquot was diluted with one of the six diluents at 37°C at rate of 1:10. Diluents were added drop by drop to avoid osmotic shock. The tubes containing diluted semen were placed in a glass beaker containing 200 ml pre-warmed water (37°C) which transferred to a refrigerator (5-6°C) to achieve cooling rate at 0.25°C/min, and stored for 120 hr. (Zhao et al., 2009).
Evaluation of cooled semen:
Every twelve hours the tubes containing semen were taken out of the refrigerator and shaken gently to help re-suspension of semen then a part was taken from each tube for evaluation of: 1.
Progressive motility %. 2.
Life sperms %. 3.
Sperms abnormalities %. 4.
Acrosomal integrity %.
5.
Plasma membrane integrity %.
Statistical analysis:
Data were expressed as the mean ± standard error of the mean (SEM). Analysis of variance (ANOVA) was used to compare the mean values resulting from the various treatments at a significance level of P < 0.05. All analyses were carried out using the SPSS 11 for Windows (SPSS Inc., Chicago, IL, USA).
RESULTS
The results of examination of buck semen diluted by 6 diluents and preserved at 5°C for 120 hr. are presented in tables 2-6.
(1) Sperm motility: Table 2 . Effect of different diluents on sperm motility percentages (Means ± SEM) of liquid buck semen stored at 5°C for 120 hr.
-CEY: Chicken egg yolk; DEY: Duck egg yolk. -Mean ± SEM with different letters are significantly different (P < 0.05). -Dots (.) indicate death of spermatozoa.
There are significant (P < 0.05) differences between different diluents in sperm motility percentages ( There are significant (P < 0.05) differences between different diluents in alive sperm percentages (Table 3) . The highest alive sperm percentages were obtained with diluents 4, 3 and 1 at 12 hr. and 24 hr. of preservation, followed by diluent 2, then diluent 5 and finally the lowest alive sperm percentages were obtained with diluent 6 not till 60 hr. where all spermatozoa became dead. Starting from 36 hr. till 120 hr., diluent 3 was significantly higher in alive sperm percentages than other diluents, followed by diluent 1, then diluent 4 and then diluent 5 (in which all spermatozoa became dead at 84 hr.). DEY (diluent 3) improved alive sperm percentage if compared to CEY (diluent 1). Increasing concentration of DEY (diluent 4, 5 and 6) or decreasing concentration of DEY (diluent 2) significantly decreased alive sperm percentage.
(3) Total sperm abnormalities percentages: Table 4 . Effect of different diluents on total sperm abnormalities percentages (Means ± SEM) of liquid buck semen stored at 5°C for 120 hr.
-CEY: Chicken egg yolk; DEY: Duck egg yolk. -Mean ± SEM with different letters are significantly different (P < 0.05).
-Dots (.) indicate death of spermatozoa.
There are significant (P < 0.05) differences between different diluents in total sperm abnormalities percentages (Table 4 ). The lowest total sperm abnormalities percentages were obtained with diluents 4, 1 and 3 at 12 hr., 24 hr. and 36 hr., followed by diluent 5. While highest total sperm abnormalities were obtained with diluent 1 at 12 hr. and 24 hr., and diluent 6 at 36 hr. and 48 hr. and then, all spermatozoa dead at 60 hr. The lowest total sperm abnormalities percentages starting from 48 hr. and till end of experiment were obtained with diluent 3, followed by diluent 1 till 108 hr., followed by diluent 4 till 96 hr. and followed by diluent 5 at 60 hr. and 72 hr. then all spermatozoa dead at 84 hr. At 48 hr. diluents 2 and 4 were nonsignificantly different, while at 108 hr. diluents 4 and 2 were non-significantly different. Finally diluents 4, 2 and 1 were non-significantly different in total sperm abnormalities percentages at 120 hr. (4) Sperm acrosomal integrity damage percentages: Table 5 . Effect of different diluents on sperm acrosomal integrity damage percentages (Means ± SEM) of liquid buck semen stored at 5°C for 120 hr.
There are significant (P < 0.05) differences between different diluents in sperm acrosomal integrity damage percentages (Table 5 ). The lowest sperm acrosomal integrity damage percentages were obtained with diluent 3 throughout the experiment, followed by diluent 1 and 4 until 48 hr., followed by diluent 5 during also the 1 st 48 hr. The highest sperm acrosomal integrity damage percentages were obtained with diluent 2 at 12 hr. and 24 hr., followed by diluent 6, while at 36 hr. and 48 hr. were obtained with diluent 6, which cause death of all spermatozoa at 60 hr. From 60 hr. till end of experiment diluent 1 achieved 2 nd lowest sperm acrosomal integrity damage percentages after diluent 3, while in 3 rd place was diluent 4, followed by diluent 2 in 4 th place, while diluent 5 achieved the highest sperm acrosomal integrity damage percentages from 60 hr. till 72 hr. after which cause death of all spermatozoa at 84 hr. Table 6 . Effect of different diluents on sperm plasma membrane integrity (HOST) percentages (Means ± SEM) of liquid buck semen stored at 5°C for 120 hr.
-CEY: Chicken egg yolk; DEY: Duck egg yolk.
-Mean ± SEM with different letters are significantly different (P < 0.05).
There are significant (P < 0.05) differences between different diluents in sperm plasma membrane integrity percentages (Table 6 ). The highest sperm plasma membrane integrity percentage were obtained with diluent 4 (93.9 ± 0.46) at 12 hr., followed by diluents 1 and 3 (90.2 ± 0.88 and 88.4 ± 0.53) respectively, while diluents 5, 6 and 2 were non-significantly different at 1 st 12 hr. At 24 hr. diluents 4 (88.1 ± 0.81), 1 (87.61 ± 0.7) and 3 (86.3 ± 0.56) were significantly higher than other diluents in sperm plasma membrane integrity percentage, followed by diluent 5 (81.7 ± 0.63), then diluent 2 (79.5 ± 0.66) and the lowest sperm plasma membrane integrity percentages at 24 hr., 36 hr. and 48 hr. were obtained with diluent 6, after which all spermatozoa dead at 60 hr. While diluent 3 achieved highest sperm plasma membrane integrity percentages starting from 36 hr. till 120 hr. At 36 hr. and 48 hr. diluents 1 and 4 achieved 2 nd highest sperm plasma membrane integrity percentages. Diluent 5 was the lowest sperm plasma membrane integrity percentages at 60 hr. and 72 hr. then all spermatozoa dead at 84 hr. Starting from 60 hr. till end of experiment, diluent 1 was the 2 nd highest sperm plasma membrane integrity percentages after diluent 3, 4 and 2. DEY (diluent 3) improved sperm plasma membrane integrity percentages if compared to CEY (diluent 1). Increasing concentration of DEY (diluent 4, 5 and 6) or decreasing concentration of DEY (diluent 2) significantly decreased sperm plasma membrane integrity percentages.
DISCUSSION
There are no data available for buck semen preservation using egg yolk from source other than chicken. Egg yolk is the one of the most commonly used components of diluents used for preservation of goat spermatozoa (Leboeuf et al., 2000) . The study also reported the effect of decreasing or increasing level of DEY in diluents on buck semen quality preserved for 120 hr. at 5°C. It is found that increasing concentration of DEY (diluent 4, 5 and 6) or decreasing concentration of DEY (diluent 2) significantly decreased sperm motility, viability and plasma membrane integrity percentages, and significantly increased acrosomal damage and total abnormalities percentages. These results were supported by findings of (Bispo et al., 2011) who concluded that 2.5% concentration of egg yolk in the glucose-EDTA diluent gave better results of frozen goat semen outside the natural breeding season in comparison with 20% concentration of egg yolk.
Lowering DEY level leads to adverse effect may be due to non-sufficient protection offered to spermatozoa. While high DEY levels (5%, 7.5% and 10%) adversely affect semen parameters may be due to higher quantities of lysophosphatidylcholines which produced due to presence of egg yolk-coagulating enzyme (EYCE) which found in buck's seminal plasma and which secreted from bulbourethral gland (Iritani and Nishikawa 
CONCLUSION
The present study showed that inclusion of DEY at level of 2.5% rather than CEY 2.5% in diluents could improve bucks semen quality preserved at 5°C.
